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PROBLEM TO BE SOLVED: To generate power by effectively utilizing exhaust heat of a 
normal pressure solid electrolyte fuel cell and LNG cold. 

SOLUTION: Normal pressure high temperature exhaust gas is introduced from the normal 
pressure solid electrolyte fuel cell 2 into a gas turbine 3. Back pressure of the gas turbine 
3 is kept in negative pressure with compressors 6, 7. Suction air of the compressors 6, 7 is 
cooled by utilizing cold of LNG in coolers 8, 9 to enhance efficiency. Since the exhaust gas 
becomes normal temperature and atmospheric pressure, the exhaust gas is cooled to 
-100°C and lower by utilizing the cold of the LNG in an air direct cooling device 10, and 
effectively utilized as cold. 
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(54) LNG HYBRID VAPORIZING POWER GENERATION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To generate power by 
effectively utilizing exhaust heat of a normal pressure 
solid electrolyte fuel cell and LNG cold. 
SOLUTION: Normal pressure high temperature 
exhaust gas is introduced from the normal pressure 
solid electrolyte fuel cell 2 into a gas turbine 3. Back 
pressure of the gas turbine 3 is kept in negative 
pressure with compressors 6, 7. Suction air of the 
compressors 6, 7 is cooled by utilizing cold of LNG in 
coolers 8, 9 to enhance efficiency. Since the exhaust 
gas becomes normal temperature and atmospheric 
pressure, the exhaust gas is cooled to -100°C and 
lower by utilizing the cold of the LNG in an air direct 
cooling device 10, and effectively utilized as cold. 
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* NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]Cold energy obtained when making two or more steps of intercooling 
characterized by comprising the following evaporate LNG is used, an LNG hybrid 
evaporation power plant discharging exhaust gas with ordinary temperature atmospheric 
pressure maintaining the slipstream side of a gas turbine at negative pressure by two or 
more steps of compression containing the 1st and 2nd compressors. 
An ordinary pressure type solid electrolyte fuel cell. 

A gas turbine which makes exhaust gas from an ordinary pressure type solid electrolyte 

fuel cell the source of power, and drives a dynamo. 

The 1st condensator that cools exhaust gas from a gas turbine. 

The 1st compressor that compresses exhaust gas cooled by the 1st condensator, the 2nd 
condensator that cools exhaust gas compressed by the 1st compressor, and the 2nd 
compressor that compresses exhaust gas cooled by the 2nd condensator are included, and 
they are the 1st and 2nd condensators. 

[Claim 2]So that temperature of exhaust gas which a temperature detecting means which 
detects temperature of exhaust gas from said gas turbine, and a temperature detecting 
means detect may be cooled to temperature which can prevent drain-ization of a steam and 
which is defined beforehand, The LNG hybrid evaporation power plant according to claim 1 
including further an LNG introduction amount control means which controls an introduction 
amount of LNG which uses cold energy for said intercooling. 

[Claim 3]The LNG hybrid evaporation power plant according to claim 1 or 2 including further 
an LNG vaporization means to which evaporation temperature up of LNG is carried out to 
ordinary temperature by making exhaust gas used as said ordinary temperature 
atmospheric pressure into a heat source. 

[Claim 4]The LNG hybrid evaporation power plant according to claim 3 which cools this 
exhaust gas at less than -100 **, and is characterized by being available as low 
temperature air while making LNG evaporate with exhaust gas characterized by comprising 
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the following which was provided with a dehumidifying rotor and dehumidified. 
A field where said LNG vaporization means dehumidifies by drawing said exhaust gas. 
A field which air heated with exhaust gas from said gas turbine is drawn, and reproduces 
dehumidification capacity. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention generates electricity with the ordinary pressure type 
solid electrolyte fuel cell (SOFC) which uses liquefied natural gas (it is hereafter called 
"LNG" for short) as fuel, and relates to the LNG hybrid evaporation power plant which 
performs power generation by gas turbine drive using the exhaust gas and cold energy of 
LNG. 
[0002] 

[Description of the Prior ArtJFrom the former, LNG is widely used as the fuel for thermal 
power generation, or a raw material of town gas. LNG is a -159 ** cryogenic liquid in 
atmospheric pressure. 

Cold energy is obtained when using as fuel or a raw material in the state of the gas of 
ordinary temperature. 

The LNG-cold-heat-power-generation equipment which generates electricity using this cold 
energy effectively is also built, however it is no longer built in our country under the situation 
of an efficient gas turbine combined cycle (GTCC) having come to be adopted as thermal 
power generation. In the gas turbine combined cycle, a steam is generated in exhaust heat 
of a gas turbine, it generates electricity also with a steam turbine, and efficiency is raised. 
[0003]As a power generation method using the cold energy of LNG, the method which 
generates power using the gas turbine which makes back pressure negative pressure 
instead of the steam turbine of the existing efficient gas turbine combined cycle 
international publication number WO00/37785 is indicated. Back pressure makes 
compression according [ the exhaust gas from the gas turbine of negative pressure ] to 
cooling and a compressor ordinary temperature atmospheric pressure repeatedly over two 
or more steps. By cooling, the temperature of compressor sink exhaust gas is lowered and 
reduction of compression power is aimed at. Using LNG with sea water is also proposed as 
a heat sink of cooling. Since this method uses a compressor for the exhaust gas side of a 
gas turbine to the Brayton cycle using exhaust heat of a gas turbine, it can be considered to 
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be a reverse Brayton cycle. 
[0004] 

[Problem(s) to be Solved by the lnvention]For the energy entrepreneur of the power 
generation and town gas supply which have introduced LNG, the large-scale of cold energy 
and economical effective use are urgent technical problems also in the agreement goal 
achievement of COP3 (the 3rd time of Framework Convention on Climate Change 
conclusion meeting: Third Conference of Parties to the United Nations Framework 
Convention on Climate Change of December, 1997 holding). In particular, by minor gas 
utilities, introduction of LNG is progressing towards unification of town gas classification 
now. However, on the base which deals with LNG, conveyed LNG is used as fuel, warm 
water is generated by a boiler, it uses for the defroster of an air heating type LNG vaporizer, 
or the heat source of a winter season, and most cold energy of LNG is not utilized. In the 
LNG terminal of an electric power company, most cold energy use of LNG is not performed 
with introduction of a combined cycle. 

[0005]lf based on such the actual condition, back pressure needs to hurry utilization 
development of use of the LNG cold energy by the method using the gas turbine of 
negative pressure. However, there are the following problems. 

[0006]** in a back pressure negative pressure turbine, since the energy density of the high 
temperature gas introduced compared with the gas turbine of the same size becomes 1/3 
or less, the output of a gas turbine also needs to become 1/3 or less, and it is necessary to 
convert the compressor by the side of a slipstream into intercooling form, and cost starts 
development. In the especially newest 1500 ** class efficient combined cycle, the pressure 
ratio of a gas turbine is large and turbine exit emission temperature is 600 ** or less. 
Therefore, even if it carries out the energy recovery of the ordinary pressure exhaust gas 
600 ** or less by a reverse Brayton cycle, to be scarce one is considered by economical 
efficiency. 

[0007]** When the emission temperature of intercooling is lowered, in order that the steam 
in exhaust gas may condense, the system extracted by the middle is needed. If emission 
temperature is raised in order to exclude this, compression power will increase and 
generation efficiency will fall. In the system of FIG 18 of said international publication back 
which performs intercooling by LNG, frost and ice coating adhere to the heat exchanger 
tube which carries out heat exchange to LNG at the beginning, and there is a possibility 
that heat transfer inhibition and the pressure loss by the side of exhaust gas may increase 
with time, and stable operation cannot be performed. 

[0008]The fuel cell which can generate electricity by reducing emission of carbon dioxide 
for global warming prevention also attracts attention. Since the exhaust gas of 820 ** of 
ordinary pressure elevated temperatures is obtained, especially an ordinary pressure type 
solid electrolyte fuel cell (SOFC:Solid Oxide Fuel Cell) may aim at effective use of LNG cold 
energy combining a reverse Brayton cycle. 

[0009]The purpose of this invention is to provide the LNG hybrid evaporation power plant 
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which can generate electricity using effectively exhaust heat and LNG cold energy of an 

ordinary pressure type solid electrolyte fuel cell. 

[0010] 

- [Means for Solving the Problem]A gas turbine which this invention makes exhaust gas from 
an ordinary pressure type solid electrolyte fuel cell and an ordinary pressure type solid 
electrolyte fuel cell the source of power, and drives a dynamo, The 1st condensator that 
cools exhaust gas from a gas turbine, and the 1st compressor that compresses exhaust 
gas cooled by the 1st condensator, The 2nd condensator that cools exhaust gas 
compressed by the 1st compressor, The 2nd compressor that compresses exhaust gas 
cooled by the 2nd condensator is included, Cold energy obtained when making two or more 
steps of intercooling containing the 1st and 2nd condensators evaporate LNG is used, it is 
an LNG hybrid evaporation power plant discharging exhaust gas with ordinary temperature 
atmospheric pressure, maintaining the slipstream side of a gas turbine at negative pressure 
by two or more steps of compression containing the 1st and 2nd compressors. 
[001 1]lf this invention is followed, the about 600 ** exhaust gas of an ordinary pressure 
elevated temperature will be obtained from an ordinary pressure type solid electrolyte fuel 
cell, for example. In two or more steps of cooling containing the 1st condensator and 2nd 
condensator, cold energy obtained when making LNG evaporate is used, and exhaust gas 
from a gas turbine is cooled, exhaust gas cooled with each condensator is compressed one 
by one by two or more steps of compression containing the 1st compressor and 2nd 
compressor, and it discharges exhaust gas with ordinary temperature atmospheric 
pressure, maintaining the slipstream side of a gas turbine at negative pressure. Since back 
pressure of a gas turbine is maintained at negative pressure, exhaust gas of an ordinary 
pressure elevated temperature from an ordinary pressure type solid electrolyte fuel cell can 
be operated as the source of power, and it can generate electricity by driving a dynamo. 
Heat of exhaust gas can be used effective in evaporation of LNG. Cold energy of LNG can 
be effectively used, in order to reduce temperature of exhaust gas inhaled by compressor, 
to reduce power required for a compressor drive and to raise generation efficiency. By 
hybridization combined with an ordinary pressure type solid electrolyte fuel cell, by 
including in an evaporation process of LNG, the gas turbine of back pressure negative 
pressure can expect generation efficiency higher than a pressurization mold solid 
electrolyte fuel cell as the whole system, and can also make heat exchangers, such as a 
condensator, compact. 

[0012]This invention so that temperature of exhaust gas which a temperature detecting 
means which detects temperature of exhaust gas from said gas turbine, and a temperature 
detecting means detect may be cooled to temperature which can prevent drain-ization of a 
steam and which is defined beforehand, An LNG introduction amount control means which 
controls an introduction amount of LNG which uses cold energy for said intercooling is 
included further. 

[001 3]lf this invention is followed, temperature of exhaust gas from a gas turbine will be 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje7atw 4/8/2008 



JP,2003-288907,A [DETAILED DESCRIPTION] 



Page 4 of 7 



detected by a temperature detecting means, and an introduction amount of LNG which 
uses cold energy for intercooling by an LNG introduction amount control means will be 
controlled, and it will control so that temperature of exhaust gas is cooled to temperature 
which can prevent drain-ization of a steam and which is defined beforehand. If a drain 
adheres to a heat exchanger tube of a condensator, etc., it will freeze over at low 
temperature of LNG, it will be frost and ice coating, and heat transfer inhibition and increase 
of pressure loss by the side of exhaust gas will be caused. By adjustment of an LNG 
introduction amount, since drain-ization is prevented, frost, heat transfer inhibition by ice 
coating, and increase of pressure loss of exhaust gas can be prevented, and LNG cold 
energy can be used efficiently. 

[0014]This invention includes further an LNG vaporization means to which evaporation 
temperature up of LNG is carried out to ordinary temperature by making exhaust gas used 
as said ordinary temperature atmospheric pressure into a heat source. 
[0015]lf this invention is followed, exhaust gas used as ordinary temperature atmospheric 
pressure can be used as a stable heat source, and in order to carry out evaporation 
temperature up of LNG to ordinary temperature, when cooling to low temperature, even if it 
performs heat exchange directly, conditions which lessen frost and ice coating are stably 
maintainable. 

[001 6]A field where said LNG vaporization means dehumidifies by drawing said exhaust 
gas by this invention, While having a dehumidifying rotor including a field which air heated 
with exhaust gas from said gas turbine is drawn, and reproduces dehumidification capacity 
and making LNG evaporate with dehumidified exhaust gas, this exhaust gas is cooled at 
less than -100 **, and it is characterized by being available as low temperature air. 
[0017]An LNG vaporization means to which evaporation temperature up of LNG will be 
carried out to ordinary temperature by making into a heat source exhaust gas which 
becomes ordinary temperature atmospheric pressure if this invention is followed is 
equipped with a dehumidifying rotor including a field which dehumidifies by drawing the 
exhaust gas, and a field which air heated with exhaust gas from a gas turbine is drawn, and 
reproduces dehumidification capacity. Dehumidification capacity is maintained and the dew 
point of exhaust gas which makes LNG evaporate is lowered, and even if frost and ice 
coating arise, it can avoid growing up in a dehumidifying rotor, since dehumidification 
capacity in a field which dehumidifies is renewable with heat of exhaust gas from a gas 
turbine. 
[0018] 

[Embodiment of the Inventionj Drawing 1 shows the rough composition of the LNG hybrid 
evaporation power plant 1 which is one gestalt of operation of this invention. In the LNG 
hybrid evaporation power plant 1, the ordinary pressure type solid electrolyte fuel cell 2, 
The gas turbine 3 which makes the exhaust gas from the ordinary pressure type solid 
electrolyte fuel cell 2 the source of power, the regenerator 4, the dynamo 5, the 
compressors 6 and 7, the condensators 8 and 9, and the air direct cooling system 
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(DAC:Direct Air Cooler) 10 are included. The gas turbine 3 drives the dynamo 5 and the 
compressors 6 and 7. The 1st condensator 8 cools the exhaust gas from the gas turbine 3 
by LNG, and makes LNG evaporate. The exhaust gas cooled by the 1st condensator 8 is 

- compressed by the 1st compressor 6. The 2nd condensator 9 cools the exhaust gas 
compressed by the 1st compressor 6. The 2nd compressor 7 compresses the exhaust gas 

. cooled by the 2nd condensator 9. 

[0019]lt has formed two steps at a time the compressors 6 and 7 and the condensators 8 
and 9, however they can also increase a number of stages further, respectively, the cold 
energy obtained when making two or more steps of intercooling containing the 1st and 2nd 
condensators 8 and 9 evaporate LNG is used, and exhaust gas is discharged with ordinary 
temperature atmospheric pressure, maintaining the slipstream side of a gas turbine at 
negative pressure by two or more steps of compression containing the 1st and 2nd 
compressors 6 and 7. 

[0020]By this embodiment, the about 820 ** exhaust gas of an ordinary pressure elevated 
temperature is obtained from the ordinary pressure type solid electrolyte fuel cell 2, for 
example. The heat of this exhaust gas is used in order to preheat the room temperature air 
supplied to the ordinary pressure type solid electrolyte fuel cell 2 with the regenerator 4 to 
about 550 **. In two or more steps of cooling containing the 1st condensator 8 and 2nd 
condensator 9, the cold energy obtained when making LNG evaporate is used, and the 
exhaust gas from the gas turbine 3 is cooled, the exhaust gas cooled with each 
condensators 8 and 9 is compressed one by one by two or more steps of compression 
containing the 1st compressor 6 and 2nd compressor 7, and it discharges exhaust gas with 
ordinary temperature atmospheric pressure, maintaining the slipstream side of the gas 
turbine 3 at negative pressure. 

[0021]Since the back pressure of the gas turbine 3 is maintained at negative pressure, the 
exhaust gas of an ordinary pressure elevated temperature discharged via the regenerator 4 
from the ordinary pressure type solid electrolyte fuel cell 2 can be operated as the source of 
power, and it can generate electricity by driving the dynamo 5. While being able to use the 
heat of exhaust gas effective in evaporation of LNG, in order that the cold energy of LNG 
may reduce the temperature of the exhaust gas inhaled by the compressors 6 and 7, may 
reduce power required for the drive of the compressors 6 and 7 and may raise generation 
efficiency, it can use effectively. The gas turbine 3 of back pressure negative pressure by 
hybridization combined with the ordinary pressure type solid electrolyte fuel cell 2. It can 
include in the evaporation process of LNG, and the generation efficiency higher than a 
pressurization mold solid electrolyte fuel cell as the whole system can be expected, and 
heat exchangers, such as a condensator, can also be made compact. 
[0022]ln the LNG hybrid evaporation power plant 1, exhaust heat of 820 ** of ordinary 
pressure elevated temperatures which came out of the ordinary pressure type solid 
electrolyte fuel cell 2 is used, it generates electricity by driving the gas turbine 3 which 
made the slipstream side the 0.03MPa (0.3ata) grade of negative pressure with the 
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compressors 6 and 7 which perform multi stage intercooling (25 **) by LNG cold energy. 
The high temperature exhaust gas (600 **) which came out of this gas turbine 3 can be 
used effectively for preheating (550 **) of the room temperature air supplied to the ordinary 
pressure type solid electrolyte fuel cell 2, and evaporation of LNG, without forming a 
coating of ice and frosting. If it applies to the 300kW class ordinary pressure solid 
electrolyte fuel cell 2 with which utilization is expected, the generation efficiency of not less 
than 60% and the total thermal efficiency of not less than 100% can be expected. 
[00231 Drawing 2 shows the rough composition of the air direct cooling system 10 of 
drawing 1 . The exhaust gas of drawing 1 used as ordinary temperature atmospheric 
pressure is cooled to about 5 ** with the precooler 11. The steam contained in exhaust gas 
is condensed and is separated as a drain. The exhaust gas cooled by about 5 ** is dried 
while passing along the treatment zone 21 of the moisture absorption rotor 12. An active 
silica honeycomb rotor can be used for the moisture absorption rotor 12, and it can lower 
the dew point of the body of a processing object to -30 ** order, for example. While carrying 
out heat exchange of the exhaust gas attracted by the processing blower 13 to LNG by the 
chiller 14 and making LNG evaporate, exhaust gas is cooled to less than -100 **. 
Temperature up of the natural gas (it is hereafter called "NG" for short) which LNG 
evaporated is carried out to near ordinary temperature with the precooler 1 1. 
[0024]lt rotates to the circumference of the axis line 12a, and the moisture absorption rotor 
12 is divided into the treatment zone 21, the regenerating zone 22, and the cooling zone 
23. It absorbs moisture in the treatment zone 21. In the regenerating zone 22, it overheats 
at about 140 ** and hygroscopicity power is reproduced. In the cooling zone 23, the 
temperature of the moisture absorption rotor 12 which is an elevated temperature for 
reproduction is lowered. As a heat source for reproduction, the heat which the exhaust gas 
of the gas turbine of drawing 1 has is used. A part of high temperature air preheated with 
the regenerator 4 is branched, and it leads to the regenerating zone 22 of the moisture 
absorption rotor 12, it draws in by the reproduction blower 24, and the regenerating zone 22 
is reproduced. 

[0025]air-quenching temperature -the reason in which 100 ** is how is because 
corresponding to various kinds of cold energy use including low temperature grinding. 
Since a middle refrigerant etc. are not used, a cost cut and miniaturization of the whole 
device can also be attained. About the air direct cooling system which uses the moisture 
absorption rotor 12, this applicant is indicating by the application for patent 2000-325909 
etc. 

[0026] Drawing 3 shows the equivalent piping system for analyzing operation of the LNG 
hybrid evaporation power plant 1 of drawing 1 . The ordinary pressure type solid electrolyte 

fuel cell 2 is evaluated as a burner. AC generation output of 8.782x10 6 kJ is obtained from 

the ordinary pressure type solid electrolyte fuel cell 2. The brake horsepower of 7.030x10 6 
kJ is obtained from the gas turbine 3, and efficiency is 85%. The 1st compressor 6 needs 
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the power of 2.1 1 1x10 kJ, and efficiency is 80%. The 2nd compressor 7 needs the power 

g 

of 1.344x10 kJ, and efficiency is 80%. It can generate electricity by driving the dynamo 5 
of drawing 1 with the output which deducted the power of the compressors 6 and 7 from the 
. " output of the gas turbine 3. 

[0027]According to the temperature of exhaust gas, with intercooling, the introduction 
amount of LNG is controlled by the LNG control means 30 etc., and it cools to the 
temperature which the steam in exhaust gas can drain-ization-prevent. LNG is made to 
evaporate to ordinary temperature by making the exhaust gas used as ordinary 
temperature atmospheric pressure into a heat source. The high temperature air furthermore 
branched from the regenerator 4 is used for the reproduction heat source of the 
dehumidifying rotor 12. 
[0028] 

[Effect of the lnvention]According to this invention, it can generate electricity as mentioned 
above by driving the gas turbine which makes back pressure negative pressure with the 
exhaust gas of an ordinary pressure elevated temperature from an ordinary pressure type 
solid electrolyte fuel cell. The exhaust gas from a gas turbine is with two or more steps of 
condensators, and a compressor, and reducing compression power by cooling using LNG 
cold energy, it can be made ordinary temperature atmospheric pressure and it can be 
discharged. By hybridization combined with an ordinary pressure type solid electrolyte fuel 
cell, the gas turbine of back pressure negative pressure can be included in the evaporation 
process of LNG, and can expect generation efficiency high as a whole, and can also make 
heat exchangers, such as a condensator, compact. 

[0029]According to this invention, by adjustment of an LNG introduction amount, since 
drain-ization of the exhaust gas in a condensator is prevented, frost, the heat transfer 
inhibition by ice coating, and increase of the pressure loss of exhaust gas can be 
prevented, and LNG cold energy can be used efficiently. 

[0030]According to this invention, the exhaust gas used as ordinary temperature 
atmospheric pressure can be effectively used as a heat source which makes LNG 
evaporate. 

[0031]According to this invention, since it is renewable using the heat of the hot exhaust 
gas of a gas turbine, the dehumidification capacity of the field which an LNG vaporization 
means is equipped with the dehumidifying rotor which dehumidifies, and dehumidifies by 
drawing exhaust gas, The dew point of the exhaust gas which makes LNG evaporate is 
lowered, and even if frost and ice coating arise, it can avoid growing up. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a piping distribution diagram showing the rough composition of the LNG 
hybrid evaporation power plant 1 which is one gestalt of operation of this invention. 
[Drawing 2] lt is a piping distribution diagram showing the rough composition of the air direct 
cooling system 10 of drawing 1 . 

[Drawing 3] lt is an equivalent piping distribution diagram for analyzing operation of the LNG 
hybrid evaporation power plant 1 of drawing 1. 
[Description of Notations] 

1 LNG hybrid evaporation power plant 

2 Ordinary pressure type individual electrolyte fuel cell 

3 Gas turbine 

4 Regenerator 

5 Dynamo 

6 and 7 Compressor 
8 and 9 Condensator 

10 Air direct cooling system 

11 Precooler 

12 Dehumidifying rotor 

13 Processing blower 

14 Chiller 

21 Treatment zone 

22 Regenerating zone 

23 Cooling zone 

24 Reproduction blower 
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[Drawing 1] 
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